In a previous report (Branham and Wormald, 1954 ), the authors have described the titration of therapeutic diphtheria antitoxins in 7-to 8-day old chicks. These antitoxins had a titer of several thousand units per ml. Reference was made to an adaptation of this technique to the determination of smaller amounts of antitoxin in the sera of guinea pigs vaccinated with precipitated toxoids. An effective means of titrating small amounts of antitoxin is especially desirable because of the widespread use of toxoids for active immunization of children and the trend towards vaccination of adults. The recommended guinea pig test (National Institutes of Health, 1947) is sometimes inconvenient to perform inasmuch as suitable guinea pigs are expensive and at times are difficult to obtain. Different strains of guinea pigs vary in susceptibility to diphtheria toxin; sex too is a factor of considerable importance (Kolb et al., 1955) , and variation among individual pigs also occurs. The reliability of chicks in the studies already described suggested further investigation of their adaptability to the evaluation of prophylactic diphtheria toxoids.
MATERIALS AND METHODS
The animals, materials, and methods employed were the-same as previously described (Branham and Wormald, 1954) .
The White Rock chicks used throughout these studies were obtained when 1 day old from a reliable hatchery; on the eighth day, they were divided into groups and injected intraperitoneally. Such chicks were usually 45 to 80 g in weight and were very uniform in susceptibility to diphtheria toxin. Chicks of this breed in this weight range were designated as "standard" chicks, and a group of 10 as a standard group.
The same lot of toxin that was used in the previous study, [4617] [4618] was employed throughout these studies for testing. The NIH Standard Diphtheria Antitoxin, Lot No. A, containing 6 units per ml, was used as a basis for comparison in determining all antitoxic values in titrations. Mixtures of toxin and sera diluted with 0.85 per cent NaCl solution were incubated for 1 hr at 37 C, and then placed in an icebox at 4 C overnight before injection intraperitoneally into chicks.
The term LDm is used to indicate that amount of toxin which killed one-half of a group of standard chicks in 24 hr. The LDm of toxin 4617-4618 in chicks was so nearly the same as the MLD in guinea pigs that the latter was used in a study on the use of the chick in standardizing Schick toxins (Kolb et al., 1955) . Likewise the "test dose" of this toxin for chicks was remarkably similar to the L+ used with guinea pigs. The "test dose" may be defined as that amount which, in the presence of 1 unit of antitoxin, killed one-half of the chicks in a standard group in 24 hr. The validity of the choice of a 24-hr end point in work with chicks was shown by Branham and Wormald (1954) . The time of death of 50 per cent of the chicks is designated Tm, or median time.
RESULTS
Alum precipitated toxoids. Diphtheria toxoids that are in use for human immunization are either plain or with a mineral adjuvant. The preliminary experiment with toxoids (Branham and Wormald, 1954) was done with alum precipitated preparations (AP); hence, it was with this form of toxoid that a more detailed study was now begun.
The official method of the Division of Biologics Standards for titrating alum precipitated toxoids requires that groups of guinea pigs weighing 450 to 500 g to be injected subcutaneously with /1 of the human immunizing dose, bled afterA4 weeks, and a pool made of equals amounts of serum from each animal. These pools are titrated in guinea pigs for antitoxin content. Minimum requirements for diphtheria toxoid demand at least 2 units per ml of antitoxin in the sera tested. In the present study, the same procedure was followed in the preparation of guinea pig serum pools, but larger groups of guinea pigs were immunized (20 with each toxoid) in order to have sufficient serum for intensive study. These sera were titrated in chicks.
In Determination of the test dose has been previously described by Branham and Wormald (1954 Most of the titrations were done first at a 0.1-unit level and later checked at 1 unit. By using this plan, use of the serum was increased 10-fold. One-tenth of the regular amounts of serum was used, including the control; at the 0.1-unit level the NIH Standard Antitoxin was used in dilution 1 to 30 instead of 1 to 3. The toxin dose necessarily had to be adjusted experimentally for this 0.1-unit level; it was found to be 0.5 ml of 1 to 200 dilution at the beginning of the study, becoming 1 to 170 before the work was completed. A sample titration at the 1-unit level is shown in table 1.
Seven alum precipitated (AP) toxoids were studied as described. The serum pools were adequate for repeated testing. Such tests were done in chicks at 1-unit and at 0.1-unit levels and by the official guinea pig test at 1 unit. pooled serum from vaccinated guinea pigs gave reliable results. Nevertheless it was thought desirable to try immunizing the chicks directly to test the possibility of eliminating the use of guinea pigs altogether. Two experiments were performed: (1) One hundred 8-day-old chicks were used for this purpose. Seventy-six were given M of the total human immunizing dose (0.5 ml in this case) of AP toxoid J, and 24 were kept as controls. Injections were made subcutaneously into the loose tissue at the back of the neck.
(2) Six other chicks 2 to 3 weeks old were similarly vaccinated.
The plan for study of these was as follows:
In the first experiment, a group of vaccinated chicks and unvaccinated controls was challenged at each of the following intervals after injection: 2, 3, 4, and 6 weeks. Survivors were bled and the sera tested separately in 8-day chicks for antitoxin.
In the second experiment, the six older chicks were given a series of immunizing injections, and sera taken from them at intervals were tested in chicks for antitoxin content.
Only five of the first group showed measurable anti- 16 THD a week apart with bleeding a week after the last injection. In most cases, a 3-week period after first injection (1 week after last injection) for bleeding gave better results than a 4-week period. The schedule finally adopted was that of two injections of 14 the THD given subcutaneously to 250 to 350 g guinea pigs, 2 weeks apart, with bleeding from the heart 3 weeks after the first injection.
Seven plain toxoids were studied in this way. Schedules of injections and bleedings and the antitoxin content of the serum pools found by testing in chicks at both the 1-unit and the 0.1-unit levels are shown in table 3.
Certain of these serum pools were checked for antitoxin content with the official guinea pig technique at the 1-unit level. These results are also shown in table 3.
Very good correlation is obtained in these various (Branham and Wormald, 1954) .
Could sera of low potency, such as was obtained by vaccinating guinea pigs with toxoids, give similar quantitative results? Four serum pools, prepared by immunizing guinea pigs with toxoids, two plain and two alum precipitated, were studied in an attempt to answer this question. Two series of experiments were done about a year apart, using the same materials. In the earlier part of the study, groups of chicks were given serum-toxin mixtures representing several antitoxin unit levels, ranging from 0.1 to 1.0 unit, and higher, in one case up to 4 units. With so many antitoxin levels only one or two serum pools could be included in one test. Each was repeated a number of times. Always a group receiving the NIH Standard Antitoxin at the 1 unit level was included. In the later experiments all serum pools were included in each test, using fewer dose levels and a smaller number of chicks in each group. This latter series was done to compare these sera with all experimental conditions equal. The amounts of serum and toxin which gave end points represented by a Tm of approximately 24 hr were plotted on log log paper. These points are shown for the serum pools representing these four toxoids in the graphs shown in figure 1 . The upper part of the graph represents the first series in which many points were taken with each serum pool. Many different tests are included. In the second series, all serum pools were tested simultaneously three times at three levels. There is no significant departure from linearity in either series of experiments. It has been pointed out previously that end points obtained below the 0.1-unit level tend to deviate from a straight line (Branham and Wormald, 1954) .
Are the straight lines obtained with these low titered antitoxin pools parallel to each other and to that shown by the NIH Standard Antitoxin? To answer this question the slopes of these lines were calculated using the method of least squares. The slope of a line indicates the rise in ml in toxin required per unit of ml increase in antitoxin. The When chick titrations on some of the serum pools included in this study were performed at various unit levels (that is, 1.0, 0.5, 0.25, and 0.1 unit and so forth), and the amounts of serum and toxin used at the Tm's plotted on log log paper, the points were found to lie approximately along straight lines. The lines representing these sera were parallel to each other and to that of the NIH Standard Antitoxin. The slopes of these lines and of their standard errors show a high degree of uniformity. Serum representing toxoid B was the only one which showed any appreciable variation in the slopes determined in five tests. Toxoid B was the first studied and was employed in working out the technique subsequently used throughout later studies.
It is worth noting that this linear relationship can be utilized in determining appropriate levels of toxin and antitoxin for use in repeated assays. Tests with any of these sera could be performed at any level along the straight line. Below the 0.1 unit level the Tm's have been found to deviate from a straight line and to. swing to the left (Branham and Wormald, 1954) .
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